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ABSTRACT 
 
Attention on buildings’ Indoor Air Quality (IAQ) tend to show an increased due to 
time spending indoors is relatively higher than workers being outdoors. One major 
problem often associated with IAQ is Sick Building Syndrome (SBS). This study has 
its objectives of identifying current status of IAQ and investigating its relationship 
with SBS inside of the building served by the mechanical ventilation and air-
conditioning (MVAC) system in two selected hospitals in Selangor and Pahang. The 
findings of study are useful as they provide data to ensure that the health, comfort 
and well-being of workers are not to be affected or continuously affected by 
problems associated to IAQ. Self-administered questionnaire was used to obtain 
current SBS symptoms experienced by workers. Then, technical assessments 
comprised of walkthrough survey and measurements of IAQ parameters were carried 
out to understand the current status of IAQ in building. The important IAQ 
parameters considered in this study were air temperature, relative humidity, air 
changes per hour (ACH), carbon dioxide (CO2), carbon monoxide (CO), total 
volatile organic compounds (TVOC), formaldehyde (HCHO) and respirable 
particulate (RP). Measurements were performed using calibrated IAQ equipment. A 
questionnaire was distributed to workers in selected departments and a 76% response 
rate was achieved, giving a sample of 76 workers. The prevalence of SBS was 
significantly higher at hospital in Selangor (38.9%) compared to Pahang (7.5%) and 
of all the reported symptoms, irritated, stuffy or runny nose was the most reported 
symptoms in this study (11.1%). The average results for IAQ parameters at both 
hospitals were well below the acceptable limits or within recommended acceptable 
range of Malaysian Industry Code of Practice on Indoor Air Quality 2010 (MICOP 
IAQ 2010). Meanwhile, the average results for ACH have failed to achieve the 
minimum limit of 10 as stated in the Factories and Machineries (Safety, Health and 
Welfare) Regulations 1970 (FMA(SHW) 1970). Nevertheless, there were no direct 
causal link and no significant association between IAQ parameters and SBS 
symptoms. Further study with wider scope including personal and psychosocial 
factors should be conducted especially within healthcare facilities in order to obtain 
more accurate results.  
 
Keywords: Indoor air quality (IAQ), sick building syndrome (SBS), building, air 
changes per hour 
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ABSTRAK 
 
Pada masa kini, kebimbangan terhadap kualiti udara dalaman (IAQ) di bangunan- 
bangunan cenderung menunjukkan peningkatan kerana kebanyakan pekerja 
menghabiskan masa mereka di dalam bangunan berbanding di luar bangunan. Satu 
masalah yang sering dikaitkan dengan IAQ adalah Sindrom Bangunan Sakit (SBS). 
Kajian ini dijalankan untuk mengenal pasti status semasa IAQ dan menyiasat 
hubungannya dengan SBS di dalam bangunan yang menggunakan sistem 
pengudaraan mekanikal dan penghawa dingin (MVAC) di dua buah hospital di 
Selangor dan Pahang. Dapatan kajian adalah berguna untuk memastikan bahawa 
kesihatan, keselesaan dan kesejahteraan pekerja tidak terjejas atau terus terjejas oleh 
masalah yang berpunca daripada IAQ. Soal selidik yang ditadbir sendiri telah 
digunakan untuk mendapatkan gejala SBS semasa yang dialami oleh pekerja. 
Kemudian, penilaian teknikal yang terdiri daripada kajian secara langsung dan 
ukuran parameter IAQ telah dijalankan untuk memahami status semasa IAQ di 
dalam bangunan. Parameter penting IAQ yang dikaji dalam kajian ini ialah suhu 
udara, kelembapan relatif, pertukaran udara sejam (ACH), karbon dioksida (CO2), 
karbon monoksida (CO), jumlah sebatian organik meruap (TVOC), formaldehid 
(HCHO) dan habuk boleh terhirup (RP). Ukuran telah dijalankan menggunakan 
peralatan IAQ yang telah ditentukur. Soal selidik telah diedarkan kepada pekerja-
pekerja di jabatan-jabatan terpilih dan kadar maklumbalas yang diterima ialah 76%, 
iaitu bersamaan dengan jumlah pekerja seramai 76 orang. Kes SBS adalah jauh lebih 
tinggi di hospital yang terletak di Selangor (38.9%) berbanding Pahang (7.5%) dan di 
antara semua gejala yang dilaporkan, gatal-gatal, tersumbat atau hidung berair adalah 
gejala yang paling tinggi dilaporkan di dalam kajian ini (11.1%). Keputusan bacaan 
purata bagi setiap parameter IAQ di kedua-dua hospital adalah di bawah had yang 
boleh diterima atau dalam julat yang boleh diterima seperti dinyatakan dalam Kod 
Amalan Industri Kualiti Udara Dalaman 2010 (MICOP IAQ 2010). Sementara itu, 
keputusan bacaan purata untuk ACH telah gagal mencapai had minimum 10 seperti 
yang dinyatakan dalam Akta Kilang dan Jentera (Keselamatan, Kesihatan dan 
Kebajikan) Peraturan- peraturan 1970 (FMA (SHW) 1970). Walau bagaimanapun, 
tiada hubungan kaitan secara langsung dan tiada hubungan yang signifikan di antara 
setiap parameter IAQ dan gejala SBS. Kajian lanjut dengan skop yang lebih luas 
termasuk faktor peribadi dan psikososial perlu dijalankan terutamanya untuk 
kemudahan penjagaan kesihatan bagi mendapatkan keputusan yang lebih tepat. 
 
 
Kata kunci: Kualiti udara dalaman (IAQ), sindrom bangunan sakit (SBS), 
bangunan, pertukaran udara sejam (ACH) 
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CHAPTER 1: INTRODUCTION 
 
1.1 Background of the Study 
 
One of the important elements to ensure the health and comfort level of people in the 
physical environment especially in a building is Indoor Air Quality (IAQ). IAQ 
refers to the quality of air within and around a particular building and its structure. It 
highly relates to the health of its occupants. Poor IAQ can certainly lead to a variety 
of environmental health problems and potentially affect comfort and well-being.  
 
According to the United States Environmental Protection Agency (US EPA), poor 
IAQ can be associated with many known environmental health problems such as 
Sick Building Syndrome (SBS), Building Related Illness (BRI), and Multiple 
Chemical Sensitivity (MCS). However, the most well-known environmental health 
problem associated with poor IAQ is SBS (U.S EPA, 2016). SBS describes situations 
in which people employed in building experience acute health and comfort effects 
that seem to be linked to time spent in a building. Even though there is yet specific 
illness or cause to be strongly associated to SBS, common symptoms of SBS may 
include headache, fatigue, irritated throat, itchy skin, eyes and nose, coughing and 
nausea (Godish, 1995). These symptoms are generic and varied where most of them 
are found to be temporary as the SBS complainants report relief soon after leaving 
the building. 
 
According to Berardil, Leoni, Marchesini, Cascella and Raffil (1991), SBS is a 
known issue in Malaysia due to the construction of buildings designed to be energy-
The contents of 
the thesis is for 
internal user 
only 
115 
 
REFERENCES   
 
American Society of Heating, Refrigeration and Air-Conditioning Engineers 
(ASHRAE). (1999). Ventilation for acceptable indoor air quality (ANSI/ 
ASHRAE Standard 62- 1999). Atalanta, USA. 
American Society of Heating, Refrigeration and Air-Conditioning Engineers 
(ASHRAE). (2001). Ventilation for acceptable indoor air quality (ANSI/ 
ASHRAE Standard 62- 2001). Atalanta, USA. 
Andersson, K. and Stridh, G. (1991). The use of standardized questionnaires in 
building-related illness (BRI) and sick building syndrome (SBS) survey. 
NATO/CCMS Pilot Study on Indoor Air Quality. 4th Plenary Meeting: 
Epidemiology and Medical Management of Building Related Complaints and 
Illnesses, report on a meeting held in Oslo, Norway, 19-21 August 1991, 47-
64. 
Apter, A., Bracker, A., Hodgson, M., Sidman, J. & Wing-Yan, L. (1994). 
Epidemiology of the sick building syndrome. Journal of Allergy and Clinical 
Immunology, 94, 277-288.  
Armstrong Laboratory (1992). Occupational and Environmental Health Doctorate, 
Armstrong Laboratory. Brooks Air Force Base, Texas, USA.  
Arya, M & Rajput, S.P.S (2011). Monitoring and analysis of indoor air quality at 
different heights in industrial room by using CFD. International Journal of 
Environmental Sciences, 1(6), 1062- 1071. 
Berardil, B. M., Leoni, E., Marchesini, B., Cascella, D., & Raffil,. G. B. (1991). 
Indoor climate and air quality in new offices: Effects of a reduced air-
116 
 
exchange rate. International Archives of Occupational and Environmental 
Health, 63, 233–239. 
Bluyssen, P. M. (2009). Towards an integrative approach of improving indoor air 
quality. Building and Environment, 44(9), 1980–1989.  
Burge, P. S. (2004). Sick building syndrome. Occupational and Environmental 
Medicine, 61(2), 185–190.  
Burroughs, H. E., & Hansen, S. J. (1991). Managing indoor air quality. Journal of 
the Institute of Heating and Ventilating Engineers, 34, London, UK: CRC 
Press Taylor & Francis Group. 
Cometto-Muniz, J.E., Cain, W.S. & Abraham, M.H. (2004). Detection of single and 
mixed VOCs by smell and by sensory irritation. Indoor Air, 14(suppl 8), 108-
117. 
Department of Occupational Safety and Health, Ministry of Human Resources, 
Malaysia (2010). Industry Code of Practice on Indoor Air Quality. Malaysia. 
Godish, T. (1995). Sick buildings: Definition, diagnosis and mitigation. Boca Raton, 
FL: CRC Press. 
Centers for Disease Control and Prevention and U.S. Department of Housing and 
Urban Development (2006). Healthy Housing Reference Manual. Atlanta, 
US: Department of Health and Human Services. 
Gomzi, M., Bobic, J., Radosevic-Vidacek, B., Macan, J., Varnai, V. M., Milkovic- 
Kraus, S. & Kanceljak- Macan, B. (2007). Sick building syndrome: 
Psychological, somatic and environmental determinants. Archives of 
Environmental Occupational Health, 62(3), 147-155. doi: 
10.3200/AEOH.62.3.147-155  
117 
 
Hodgson, M. (1995). The sick-building syndrome. Occupational and Environmental 
Medicine, 10, 167–175. 
Jafari, M. J., Khajeyandi, A. A., Mousavi Najarkola, S. A.,  Yekaninejad, M. S., 
Pourhoseingholi, M.A., Omidi, L & Kalantary, S (2015). Association of sick 
building syndrome with indoor air parameters. National Research Institute of 
Tuberculosis and Lung Disease, Iran. Tanaffos, 14(1), 55- 62. 
Khushbu, K. S. & Rushabh A. S. (2016). Sick building syndrome. International 
Journal of Advanced Research in Engineering, Science and Management, 
2(4), 1- 5. 
Levin, H. (1995). Building ecology: An architect’s perspective on healthy buildings. 
Conference Paper, Healthy Buildings, Milan, Italy, September 10- 15, 1995.  
Levin, H. (1995). Physical factors in the indoor environment. Occupational 
Medicine, 10(1), 59- 94.  
Lu Aye, Charters, W., Chiazor, M. & Robinson, J. (2005). Evaluation of occupant 
perception and satisfaction in two new office buildings. Renewable Energy 
for a Sustainable Future- A Challenge for a Post Carbon World ANZSES, 1- 
8.    
Magnavita, N. (2013). Work-related symptoms in indoor environments: A puzzling 
problem for the occupational physician. Occupational and Environmental 
Health 88(2), 185- 196. 
Michael, G. A., William, J. F. & Joan, M. D. (2000). Indoor carbon dioxide 
concentrations and SBS in office workers. Proceedings of Healthy Buildings, 
1, 133- 137. 
118 
 
Mohd Ezman, Z., Juliana, J. & Nafiz, S. (2013). Indoor air quality and prevalence of 
sick building syndrome among office workers in two different offices in 
Selangor. American Journal of Applied Sciences, 10 (10), 1140-1147. 
Nordstrom, K., Norback, D. & Akselsson, R. (1995). Influence of indoor air quality 
and personal factors on the sick building syndrome (SBS) in Swedish 
geriatric hospitals. Occupational and Environmental Medicine, 52(3), 170- 
176.  
Norback, D., Bjornsson, E., Janson, C., Widstrom, J. & Boman, G. (1995). 
Asthmatic symptoms and volatile organic compounds, formaldehyde, and 
carbon dioxide in dwellings. Occupational and Environmental Medicine, 
52(6), 388- 395. 
Norback, D. (2009). An update on sick building syndrome. Current Opinion in 
Allergy and Clinical Immunology, 9(1), 55- 59. 
Norhidayah, A., Chia-Kuang, L., Azhar, M. K. & Nurulwahida, S. (2013). Indoor air 
quality and sick building syndrome in three selected buildings. Procedia 
Engineering, 53, 93- 98. 
Norhidayah, A. & Mimi H. H. (2015). Indoor air quality and sick building syndrome 
in three selected buildings. Jurnal Teknologi, Universiti Teknologi Malaysia, 
164- 170. doi: 10.11113/jt.v76.3995 
Nur Fadilah, R., & Juliana, J. (2012). Indoor air quality (IAQ) and sick building 
syndrome (SBS) among office workers in new and old building in Universiti 
Putra Malaysia, Serdang. Health and the Environmental Journal, 3(2), 98– 
109. 
119 
 
Ooi, P. L., Goh, K. T., Foo, S. C. & Yap, H. M. (1998). Epidemiology or sick 
building syndrome and its associated factors in Singapore. Occupational and 
Environmental Medicine 55(3), 188- 193. 
Ossama, A., Gamal, M. & Amal, A. (2006). Correlation between indoor 
environmental quality and productivity in buildings. Environment, Health and 
Sustainable Development (IAPS 19 Conference Proceedings on CD- Room), 
1- 15. 
Pouli, A. E., Hatzinikolaou, D. G., Piperi, C., Stavridou, A., Psallidopoulos, M. C. & 
Stavrides J. C. (2003). The cytotoxic effect of volatile organic compounds of 
the gas phase of cigarette smoke on lung epithelial cells. Free Radical 
Biology and Medicine, 34, 345- 355. 
Raw, G. J. (1992). Sick building syndrome: A review of the evidence on causes and 
solutions. HSE Contract Research Report No. 42/1992, Health Safety and 
Executive, UK.   
Roodman, D. M. & Lenssen, N. (1995). A building revolution: How ecology and 
health concerns are transforming construction. Worldwatch Paper 124, 
Worldwatch Institute, Washington, DC. 
Samet, J. M., Marbury, M. C. & Spengler, J. D. (1988). Health effects and sources of 
indoor air pollution. Part II. American Review of Respiratory Disease, 137, 
221– 242. 
Samet, J. M. (1993). Indoor air pollution: a public health perspective. International 
Journal of Indoor Environment and Health, 3(4), 219- 226. 
Simoni, M., Carrozzi, L., Baldacci, S., Scognamiglio, A., Di Pede, F., Sapigni, T. & 
Viegi, G. (2002). The Po river delta (north Italy) indoor epidemiological 
study: Effects of pollutant exposure on acute respiratory symptoms and 
120 
 
respiratory function in adults. Archives of Environmental Health: An 
International Journal, 57, 130- 136. 
Siti Hamimah, I., Baba, M. D. & Abd. Mutalib L. (2010). Indoor air quality issues 
for non- industrial workplace. IJRRAS 5(3), 235- 244. 
Sulaiman, Z. & Mohamed, M. (2011). Indoor air quality and sick building syndrome 
study at two selected libraries in Johor Bahru, Malaysia. Environment Asia, 
4(1), 67– 74. 
Syazwan, A. I, Juliana, J., Norhafizalina, O., Azman, Z. A., & Kamaruzaman, J. 
(2009). Indoor air quality and sick building syndrome in Malaysian buildings. 
Global Journal of Health Science, 1(2), 126– 135. 
U.S. EPA. (2000). Why is the environment indoors important to us? Washington, 
DC: Indoor Environment Division, U.S. Environmental Protection Agency. 
U.S. EPA. (2016). Indoor air quality (IAQ) - Fundamentals of indoor air quality in 
buildings. Retrieved September 6, 2016, from https://www.epa.gov/indoor-
air-quality-iaq/fundamentals-indoor-air-quality-buildings 
Weaver, L. K., Hopkins, R. O., Chan, K. J., Churchill, S., Elliott, C. G., Clemmer, T. 
P., Orme Jr., J. F., Thomas, F.O. & Morris, A. H. (2002). Hyperbaric oxygen 
for acute carbon monoxide poisoning. The New England Journal of Medicine, 
347, 1057- 1067. 
Wolkoff, P., Wilkins, C. K., Clausen, P. A. & Nielsen, G. D. (2006). Organic 
compounds in office environments: Sensory irritation, odor, measurements 
and the role of reactive chemistry. Indoor Air, 16, 7- 19. 
World Health Organization (1983). Indoor air pollutants: Exposure and health 
effects. Report on WHO Meeting, Nordlingen, 8-11 June 1982. Copenhagen: 
WHO, Regional Office for Europe, EURO Report and Studies no. 78. 
121 
 
World Health Organization (1995). Sick building syndrome. Copenhagen: WHO, 
Regional Office for Europe.  
Zuliza, M. S., Irniza, R. & Emilia, Z. A. (2016). Indoor air quality and prevalence of 
sick building syndrome among university laboratory workers. International 
Journal of Sciences: Basic and Applied Research (IJSBAR), 29(2), 130- 140.  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
122 
 
APPENDIX A- QUESTIONNAIRE  
 
 
123 
 
APPENDIX A- (CONTINUED)
 
 
 
 
124 
 
APPENDIX B- WORKPLACE INSPECTION CHECKLIST 
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APPENDIX C- PHOTOS OF SITE ASSESSMENT 
 
Photo 1 
Fresh air intakes were located near to vehicles parking area 
 
 
Photo 2 
TVOC sources in indoors 
 
 
Photo 3 
MVAC and the log book for maintenance activities 
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Photo 4 
Fresh air dampers in the AHU room were closed 
 
 
Photo 5 
Example of IAQ equipment and its sampling location
